the sulphated form of ascorbic acid may play a role in the maintenance of connective tissue, suggested that although 35S-labelled glycosaminoglycans are formed in the presence of ascorbic acid 2-[35S]sulphate, they are not formed by direct transfer of the sulphate moiety from ascorbic acid 2-[35S]sulphate but by a decomposition product of the ester (Shapiro & Poon, 1975) . The role of ascorbic acid 2-sulphate in the sulphation of cholesterol is also unclear (Verlangieri & Mumma, 1973) . Other investigations on the anti-scorbutic properties of the sulphate ester of ascorbic acid have yielded conflictingresults (Mummaetal., 1972; Campeauetal., 1973) . Althoughitis notclaimedthat the work reported here clarifies the role of ascorbic acid sulphate, it may well explain some of the anomalous results obtained by other workers using the 35S-labelled ester. In particular, the work of Hornig (1974) on the metabolic fate of the 35S-labelled ester sulphate in rats and guinea pigs, showing the variations in the extents of secretion and recovery of radioactivity could be rationalized if the 35S-labelled preparation could not be identified with pure L-ascorbic acid 2-[35S]sulphate.
It is not suggested that the enterogastric circulation exists for the circulation of the ascorbic acid 2-[3sS]sulphate derivative, but that this compound is utilizing a conservation route normally travelled by naturally occurring compounds. It seems likely that this circulatory route may be a n important mechanism of conservation for certain biochemicals and might be exploited for the treatment of gastrointestinal disorders.
We acknowledge helpful discussions with The Radiochemical Centre, Amersham. Studies of the concentrations of tocopherols and related compounds in the cocklebur (Xanthium strumarium L.) have shown diurnal changes in the concentration of ytocopherol in leaves. This compound accumulates during darkness and disappears rapidly on transfer t o the light (Battle et al., 1976 (Battle et al., ,1977 . The light-promoted loss suggests the presence of a light-dependent enzyme involved in tocopherol metabolism.
Tocopherol oxidase is a plant enzyme that catalyses the oxidation of tocopherols by 02. The enzyme is soluble and requires a membrane of phospholipid preparation for activity (Barlow & Gaunt, 1972; Murillo et al., 1976) . This enzyme system has now been found in Xunthium leaves and has been shown to be controlled in vitro by light.
Initial studies of the enzyme have used a crude cell-free system (1 O00g supernatant of a leaf homogenate) prepared and assayed by procedures similar to those used by Barlow & Gaunt (1972) . Such a preparation will break down tocopherols in the light. However, if exposed to far-red light (12730nm) for a few seconds followed by assay under a green safe-light the system shows no activity whatsoever. Similarly incubation of the enzyme preparation in the dark for 4min before addition of substrate is also effective in stopping the reaction. Inhibition by far-red light and darkness is completely reversed by exposure to red light for I-2min. This behaviour suggests that tocopherol oxidase activity is modulated by the photoreceptor phytochrome, the enzyme active when phytochrome is in the Pfr (far-red absorbing) form and unable to function when phytochrome is present in the Pr (red-absorbing) form.
Membranes can be separated from soluble tocopherol oxidase by centrifuging through a sucrose solution (15% w/v) at 38000g. Neither such a crude membrane preparation nor the 38000g supernatant will individually catalyse the breakdown of tocopherols. However, when combined tocopherol oxidase activity is recovered and the system is subject to complete control by light. Exposure of membrane preparations to either far-red light or darkness before recombination with white-light-treated supernatant results in total inhibition of the enzyme, suggesting that light control is a membrane property and that it is membrane-bound phytochrome that is modulating the action of the enzyme. If the experiment is performed the other way around, by exposing the supernatant to far-red light or darkness and mixing with white-light-treated membranes before assay, tocopherol oxidase activity also shows inhibition, although this may only be partial. This implies that the soluble Pr form can exchange with the Pr form on membrane sites and thus block the reaction.
Purification of the system beyond a simple separation of membranes and supernatant enzyme has proved difficult. This is partly due to the low activity of the system and partly because the property of light control is very sensitive to physical damage. If membranes are stirred or are washed after their initial separation, the system loses photocontrol, although activity itself is unaffected. The following model is proposed to account for these results. Plant cell membranes contain specific sites for tocopherols and these are normally adjacent to phytochrome molecules. When phytochrome is in the Pfr form, the soluble enzyme tocopherol oxidase has access to its substrate. When phytochrome is converted into the Pr form at these sites, the resulting conformational change blocks the site and prevents tocopherol oxidase from interacting with tocopherol. It is suggested that phytochrome can be readily washed from the tocopherol sites on membranes and thus leave free access for tocopherol oxidase to reach its substrate.
Some of these observations and deductions appear at first sight to be contrary to known phytochrome properties. In particular, in the tocopherol oxidase system, phytochrome appears to show a great affinity for membranes when in the Pr state than as the Pfr form. It also shows unexpectedly high sensitivity to far-red light and darkness compared with the ability of red light to reverse inhibition. To resolve this, one may speculate that the amount of phytochrome involved in modulating tocopherol oxidase activity by binding at membrane tocopherol sites represents only a small proportion of the total membrane population of phytochrome. Interactions between phytochrome and these sites may differ from those at other membrane sites.
The results presented support the view that the loss of y-tocopherol from Xunthium leaves on transference of plants from darkness to light is controlled by the tocopherol oxidase system. One wonders why a-tocopherol does not show a similar decline. After all, a-tocopherol is the major tocopherol present in these leaves and is oxidized by tocopherol oxidase. However, as shown by Battle et ul. (1976) , its concentration remains more or less constant throughout dark and light periods. Perhaps the difference in behaviour reflects a difference in subcellular distribution. a-Tocopherol is considered to be largely confined to chloroplasts, whereas y-tocopherol appears to have extrachloroplastidic sites (Newton & Pennock, 1971) . Tocopherol oxidase does not appear to be present within sub-cellular organelles (Barlow & Gaunt, 1972) and may only act on substrates accessible to a cytosol enzyme.
It seems unlikely that the sole function of phytochrome in plant cells is to control the tocopherol oxidase system. Indeed, during the course of this work other functions of cellfree extracts have been observed to be affected by far-red light. Phytochrome may directly control a number of membrane properties or components, all of which are presumably inportant in determining the response of the plant to light. Phytochrome control of tocopherol oxidase and thus of certain tocopherol concentrations implies that tocopherols may have some very important roles to play in membrane function, perhaps more specific than the role commonly ascribed to them as antioxidants.
Barlow, S. M. &Gaunt, J. K. Derivatives of allyl alcohol have a widespread natural distribution in vegetable components of the human diet. In addition, chemically synthesized esters of allyl alcohol are used as food flavourings.
When administered to experimental animals, allyl alcohol has produced periportal hepatic necrosis (Reid, 1972) . The observed hepatotoxicity of allyl alcohol has been attributed to the metabolism of the alcohol by alcohol dehydrogenase (EC 1.1.1.1) to acrolein (prop-2-enal) (Reid, 1972; Serafini-Cessi, 1972) . Acrolein is an extremely reactive hepatotoxic agent and inhibits mitochrondrial function (Zollner, 1973) , protein synthesis (Rees & Tarlow, 1967) and both DNA and RNA synthesis (Munsch & Frayssinet, 1971) . In the present study we have examined the effect of prolonged ally1 alcohol administration on several hepatic parameters in the rat.
Male Wistar albino rats (120-15Og) were used in these studies. They were allowed free access to laboratory diet and water. Allyl alcohol was administered by daily gastric intubation at a dose of 30mg/kg body wt. for periods of 1,lO or 28 days. Control animals received appropriate quantities of the corn-oil vehicle. Rats were killed by cervical dislocation and liver homogenates (0.25g of tissue/ml) were prepared in 0.1 ~~M -K C I containing 50m~-Tris/HC1 buffer, pH 7.4. Succinate dehydrogenase (EC 1.3.99.1) activity was determined on the whole-liver homogenates by the method of Pennington (1961) . A portion of the whole homogenate was centrifuged at 1000Oga,. for 20min and the postmitochondrial-supernatant fraction was used for the determination of benzo[a]-pyrene hydroxylase activity (Kuntzman et al., 1966) . The 1000Oga,. supernatant fraction was further centrifuged at 105000g,,, for 60min to separate the microsomal fraction from the cytosol. Cytochrome P-450 content was determined in the microsomal
